Introduction
Tajikistan is an agrarian-industrial republic. The area of cultivated crops is about 830,000 hectares.
1 Agriculture accounted for 29.2% of Tajikistan's gross domestic product in 2015. 2 The development of agriculture, especially cotton production, in Tajikistan is closely related to the widespread use of pesticides to combat agricultural pests, plant diseases and weeds. The agroclimatic conditions of the republic are very favorable for the rapid reproduction of many agricultural pests. In addition, there is a high prevalence of plants with various diseases.
A great deal of attention was paid to the agricultural sector in the republic when it was part of the former Union of Soviet Socialist Republic (USSR). In the Tajik Soviet Socialist Republic, there were significant areas of agricultural land for growing crops, especially cotton. Millions of rubles were spent to build infrastructure and to provide the agriculture industry with agrochemicals and pesticides.
Background.
Tajikistan is an agrarian-industrial republic. A large portion of the Tajikistan economy relies on agriculture. With the rise of agriculture, especially cotton production, came the widespread use of pesticides. Abandoned and unsupervised pesticide storage warehouses have become a health and environmental problem. In many cases such sites, as well as significant areas of pesticide-contaminated land, remain accessible to the public. A survey and analysis of 26 former pesticide storage warehouse sites across Tajikistan revealed a country-wide pesticide exposure problem that threatens the health of vulnerable populations. Infrastructure and local governance issues are barriers to addressing this health crisis for rural residents.
Objectives. The purpose of this article is to describe the issues surrounding former pesticide storage warehouses and their effect on the health of the population of Tajikistan.
Materials and Methods.
In 2012, the non-governmental organization (NGO), Pure Earth (formerly Blacksmith Institute), with the financial support of the Food and Agriculture Organization of the United Nations (FAO), Green Cross Switzerland and the European Union conducted surveys of 26 pesticide warehouses located throughout Tajikistan. The survey included detailed site assessments, including analysis of the maintenance of chemicals and soil testing.
Results. Soil samples taken from the studied sites exceeded maximum permissible concentrations referenced by Pure Earth by several hundred times for dichlorodiphenyltrichloroethane (DDT) and hexachlorocyclohexane (HCH), as well as aldrin and dieldrin. Even the most polluted sites had families living on the premises.
Conclusions.
Pesticide contamination in Tajikistan is a serious and ongoing problem that requires the attention of local, state governments, and international non-governmental organizations. We recommend the development of a government-sponsored public education campaign to inform the population about the potential risks of exposure to obsolete pesticides. The dangers of agricultural use, former storage warehouses and disposal areas should be addressed. In addition, data from the 2012 surveys of 26 warehouses should be used to prioritize the four high-risk sites and develop preliminary clean-up plans for contaminated soil around warehouses to present to government ministries and NGOs.
Competing Interests. The Once the Soviet Union collapsed, so did the complex infrastructure of pesticide monitoring and warehouse maintenance.
At present, independent Tajikistan is facing a number of unresolved issues.
Among these issues are abandoned and unsupervised pesticide storage warehouses, which are in many cases accessible to the public, as well as significant areas of pesticidecontaminated land adjacent to these structures, also open to public access. Lack of oversight from the transitioning government in the 1990s and early 2000s led to these and a number of other unsafe practices regarding former pesticide storage sites.
According to the World Health Organization (WHO) in Tajikistan, the mean concentration of dichlorodiphenyl-trichloroethane (DDT) in human breast milk is 4 times higher than the biomonitoring equivalent permissible level of 2,300 ng/g lipids. 3 The high content of DDT in breast milk may be attributable to the population coming into contact with DDT through unauthorized and illegal dumping of pesticides near living quarters, as well as the continued use of available stocks of banned pesticides in agriculture, especially in household plots.
According to the National Action Plan (NIP) for the implementation of the obligations of the Stockholm Convention on persistent organic pollutants (POPs) in the Republic of Tajikistan, a survey of 167 warehouses with a total content of about 240 tons of pesticides was conducted prior to 2007.
4 These warehouses are subject to legal challenges with regard to ownership between the Ministry of Agriculture and local executive bodies. With the abolition of the Republican Research and Production Association (which operated in the Soviet period), most of these warehouses and surrounding land were privatized. Their condition, control over use, cleaning and procedures for issuing construction permits on privatized areas have come under the control of local authorities. The following summarizes the survey results:
• All standard warehouses of the former Republican Research and Production Association were privatized, and some were completely destroyed, and the building material used for the construction of houses and other facilities.
• Almost all existing warehouses of former collective and state farms are in a dilapidated state, many of them without windows and doors, and many have faulty roofs.
• Warehouses and adjacent areas are significantly contaminated with pesticides.
• Often, warehouses do not have fencing and protection, allowing access by the local population and animals.
• Some warehouses are located near populated areas and buildings, close to water sources, crops and fruit plantations.
• Some warehouses are used as storage for animal feed, various building materials and household implements.
• There are cases of warehouses being used as dwellings for families with small children despite an acrid smell permeating the properties.
Objectives
Prior to 2012, the government of Tajikistan had surveyed pesticide warehouses, but detailed studies to determine the impact on public health, especially the concentration of chemicals in the soil, were not conducted. The purpose of this article is to present results of a follow up survey conducted from 2012 to 2017. The follow up survey highlighted issues surrounding former pesticide storage warehouses and related effects on the health of local populations. It also addresses the negative consequences of changing the legal status of warehouses without regard to the health outcomes that result from these changes. Out of the 26 sites assessed, Djami was the most contaminated, according to the lab data. There was a strong scent at the site, and people nearby reported difficulty breathing and headaches. Local residents excavated the site and uncovered 400 cubic meters of contaminated soil, sacks of pesticides and iron barrels containing unknown substances. In the same area, in Djovidon Jamoat, according to laboratory data, maximum concentrations for HCH (all forms) was more than 800 ppm, and in the Jaihun area (formerly Kumsangir), the maximum concentration for DDT exceeded 1000 ppm. These sites all had families living on the premises. All sites exceeded USEPA and Canadian guidelines.
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The four most contaminated sites, ranked according to the Blacksmith Index, 8 are included in Table 1 .
Conclusions
The follow up survey results found that the local population is able to purchase land contaminated by pesticides and other chemicals. Many people were left with contaminated plots in the distribution of land during the postcommunist transition.
In many areas, pesticides remain stockpiled or are illegally imported. Unfortunately, these illegal supplies are not always identified and detected by the government. In addition, unauthorized and illegal dumping of pesticides continues.
The level of sampling and analysis performed was not detailed enough to develop a detailed cleanup plan, but did assist in prioritization of sites for remediation. Tajikistan is in need of significant international assistance to clean up contaminated sites from obsolete pesticides.
TSIP
We highly recommend the following steps to resolve this issue:
1. Improve existing legal and institutional frameworks in the Republic of Tajikistan to protect the rights and legitimate interests of citizens affected by pesticidecontaminated territories.
2. Develop a government-sponsored public education campaign to inform the population about the potential risks of exposure to obsolete pesticides through agricultural use or from former storage warehouses or disposal areas.
3. Using data from the 2012 surveys of 26 warehouses, prioritize the four high-risk sites and develop preliminary clean-up plans for contaminated soil around warehouses to present to government ministries and non-governmental organizations (NGOs). 
